Five new minor triterpene glycosides, typicosides A 1 (1), A 2 (2), B 1 (3), C 1 (4) and C 2 (5), along with two known glycosides, intercedenside A and holothurin B 3 , have been isolated from the sea cucumber Actinocucumis typica. Structures of the glycosides were elucidated by 2D NMR spectroscopy and MS. Glycosides 1-5 are linear mono-and disulfated tetraosides differing from each other in both aglycone structures and monosaccharide composition of the carbohydrate chains. Typicosides A 1 (1) and A 2 (2) have identical monosulfated carbohydrate moieties with a xylose residue as the third monosaccharide unit and differ from each other in aglycon structures. Typicoside B 1 (3) has glucose as the third monosaccharide residue. Typicosides C 1 (4) and C 2 (5) contain the same disulfated carbohydrate chains and differ from each other in structures of aglycone side chains. Antifungal activity of glycosides 1-5 against three species of fungi along with cytotoxic activity against mouse spleen lymphocytes and mouse Ehrlich carcinoma cells (ascite form), as well as hemolytic activities against mouse erythrocytes have been studied. All new glycosides, except for typicoside C 1 (4), containing a hydroxy-group in the aglycone side chain, demonstrate rather strong hemolytic and cytotoxic activities.
The paper is dedicated to Prof. Valentin Stonik in connection with his the seventieth birthday As a continuation of our studies on triterpene glycosides from sea cucumbers [1, 2] , we have started the investigation of glycosides from the sea cucumber Actinocucumis typica (Family Cucumariidae, Order Dendrochirotida). The holothurians were collected near the Vizhinjam coast, Arabian Sea, India. In this paper we describe the isolation and structural elucidation of five new sulfated tetraosides, typicosides A 1 (1), A 2 (2), B 1 (3), C 1 (4) and C 2 (5) , along with two known glycosides, the tetraoside, intercedenside A, and the bioside, holothurin B 3 .
The concentrated in vacuo methanolic extract of the animals (9 g) was sequentially submitted to chromatography on Polychrom-1 (powdered Teflon) in 55% acetone and on silica gel columns using the solvent systems CHCl 3 /EtOH/H 2 O (100:75:10), (100:100:17), (100:125:25) and (100:150:50) to give 5 different glycosidic fractions (1) (2) (3) (4) (5) . Final separation and isolation of individual compounds were achieved by HPLC of these fractions on a reverse phase Discovery C 18 column (10  250 mm). HPLC of fraction 2 (82 mg) in MeOH/H 2 O/1 M solution of NH 4 OAc (70:29:1) gave subfractions 1 and 2. Rechromatography of subfraction 2 in the same conditions gave 0.8 mg of pure holothurin B 3 . Rechromatography of subfraction 1 in MeOH/H 2 O/NH 4 OAc (1 M water solution) (65:34:1) resulted in the isolation of individual typicosides A 1 (1) (2.5 mg), A 2 (2) (8 mg) and the known intercedenside A (0.8 mg). The separation of fraction 3 (45 mg) by HPLC using MeOH/H 2 O/1M NH 4 OAc (75:24:1), followed by HPLC using a similar solvent system in the ratio of 70:29:1 gave 3 mg of pure typicoside B 1 (3) and 5 mg of typicoside C 2 (5) . Using a similar solvent system in the ratio of 60:39.5:0.5 for HPLC, 2 mg of pure typoside C 1 (4) was obtained from the non-separated residue of fraction 3. Structures of glycosides were elucidated by extensive analysis of their 1 H, 13 C NMR, and 2D NMR ( 1 H 1 H COSY-45, HMBC, HSQC, 1D TOCSY, ROESY) spectra, and confirmed by HR MALDI TOF mass spectrometry.
The 13 C NMR spectral data of the carbohydrate parts of typicosides A 1 (1), A 2 (2) and the known intercedenside A were coincident with each other (Table 1) . As is known, intercedenside A has a linear tetrasaccharide carbohydrate chain consisting of two xyloses, one quinovose and one 3-O-methylglucose and a sulfate group attached to C-4 of the first xylose residue [3] . Indeed, the presence of four characteristic doublets at  4.74-5.29 (J = 7.4-8.0 Hz) in the 1 H NMR spectra of the carbohydrate parts of 1 and 2, correlated with HSQC spectra with the signals of anomeric carbons at  105.1-105.3 were indicative of a tetrasaccharide chain and configurations of glycosidic bonds. In the 13 C NMR spectra of the carbohydrate parts of 1 and 2, C-4 and C-5 signals of the first xylose residue were observed at  75.9 and 64.3, respectively due to and -shifting effects of a sulfate group at C-4 of the first xylose in the carbohydrate chains of typicosides A 1 and A 2 [4] .
The positions of all interglycosidic linkages were confirmed by analysis of the ROESY and HMBC spectra of the carbohydrate parts of 1 and 2 ( ). Hence, the structure of the carbohydrate chains of typicosides A 1 and A 2 corresponded with the formulae 1 and 2 ( Figure 1 ).
The structure of the aglycone moiety of typicoside A 1 (1) was elucidated by extensive NMR spectroscopy ( Table 2) and was shown to be identical to those of cucumariosides C 2 and H, isolated earlier from Eupentacta fraudatrix and E. pseudoquinquesemita [5, 6] , and to that of cucumarioside B 2 isolated recently from E. fraudatrix [7] . Indeed the holostane aglycone [from the signals at  179.1 (C-18) and  83.0 (C-20) in the 13 All these data indicate that typicoside
The closely related glycoside, intercedenside A, isolated earlier by Chinese investigators from the sea cucumber Mensamaria intercedens, was also found by us in the glycosidic fraction of A. typica and identified as the earlier known substance by 1 H and 13 C NMR spectra [3, 8] . It should be noted that the initial structure of intercedenside A, published by Chinese investigators in 2003 [3] , was identical to that of typicoside A 1 (1), but later, in 2005 [8] the structure was corrected on the basis of the coupling constant value of J 22,23 = 12 Hz. Thus, intercedenside A has a 22Z,24-diene system in its aglycon side chain, in contrast to typicoside A 1 (1), containing a 22E,24-diene system.
The structure of the aglycone moiety of typicoside A 2 (2) was established by extensive NMR spectroscopy ( respectively. These data indicated the absence of a 16-OAc group in the aglycone of typicoside A 2 (2) when compared with that of typicoside A 1 (1) . However the signals at Table 3 ).
All the NMR data for the carbohydrate moiety of 2 were identical with those of glycoside 1 ( All these data indicate that typicoside
The 13 C NMR spectral data of the carbohydrate part of typicoside B 1 (3) were similar to those of 1 and 2, except that the signals corresponding to a glucose unit were observed instead of those of a xylose unit as the third sugar residue (Table 4 ). Indeed, the signal at  66.3 in the 13 C NMR spectrum of 3, which is characteristic of C-5 of the xylose residue, was absent, but there were signals at  77.8 and  62.1 characteristic of C-5 and C-6 of the glucose residue. In (Table 4 ).
Cross-peaks were observed between H1 Xyl 4 -SO 4 and H3 (C3) Agl, H1 Qui and H2 (C2) Xyl 4 -SO 4 , H1 Glu and H4 (C-4) Qui, H1 MeGlu and H3 (C3) Glu. Hence, the structure of the carbohydrate chain of typicoside B 1 corresponded with the formula 3 (Figure 1 ). The structure of the aglycone moiety of typicoside B 1 (3) was determined by extensive NMR spectroscopy ( The 13 C NMR spectral data of the carbohydrate parts of typicosides C 1 (4) and C 2 (5) were coincident with each other, and were similar to those of typicoside B 1 (3). However, the data differed in the signals corresponding to the third monosaccharide residue ( Table  5 ). In the 13 C NMR spectra of 4 and 5 the signal of C-6 of the glucose residue was shifted downfield by  5.6 (to  67.7) and the signal of C-5 of the same monosaccharide residue was shifted upfield by  2.8 (to  75.0), when compared with the spectral data of typicoside B 1 (3), due to -and -shifting effects of a sulfate group [4] . This revealed the attachment of an additional sulfate group to C-6 of the glucose residue in the carbohydrate chains of 4 and 5. Therefore, typicosides C 1 (4) and C 2 (5) have tetrasaccharide carbohydrate chains with a monosaccharide composition identical to that of typicoside B 1 (3) and with two sulfate groups attached to C-4 of the first xylose residue and to C-6 of the third glucose residue.
The presence of four characteristic doublets at The positions of all interglycosidic linkages were confirmed by analysis of the ROESY and HMBC spectra of the carbohydrate parts of 4 and 5 ( Table 5 ). Cross-peaks were observed between H1 Xyl and H3 (C3) Agl, H1 Qui and H2 (C2) Xyl 4 -SO 4 , H1 Glu 6 -SO 4 and H4 (C4) Qui, H1 MeGlu and H3 (C3) Glu 6 -SO 4 . Hence, the structure of the carbohydrate chains of typicosides C 1 (4) and C 2 (5) corresponds to the formulae 4 and 5 (Figure 1 ).
The structure of the aglycone moiety of typicoside C 1 (4) was elucidated by extensive NMR spectroscopy (Table 6 ) to be very similar to that of typicoside B 1 (3) and differed only in the side chain. Indeed, the signals of C-18 at  180.1 and C-20 at  86.9, along with the signals at  119.8 (C-7) and  146.6 (C-8) in the 13 C NMR spectrum, showed that the aglycone of typicoside C 1 (4) has an 18 (20) All these data indicate that typicoside C 2 (5) 
Holothurin B 3 was identified by 13 C and 1 H NMR spectra as the known substance, isolated earlier from Holothuria polii [9] and is a 17-desoxyholothurin B having a disaccharide carbohydrate chain sulfated by C-4 of the xylose residue.
Hence, seven triterpene glycosides have been isolated from the sea cucumber Actinocucumis typica and five of them (typicosides 1-5) are new natural products. It is interesting to note that the carbohydrate chain, identical to that of typicosides A 1 (1) and A 2 (2), frequently occurs in glycosides from sea cucumbers belonging to the order Dendrochirotida. Among them are six species of the family Cucumariidae [1, [10] [11] [12] and one species from each of the families Phyllophoridae [13] , Psolidae [14] and Sclerodactylidae [15, 16] . Such a carbohydrate chain has also been found in several glycosides from two representatives of the order Aspidochirotida, namely Pseudostichopus trachus [17] and Australostichopus mollis [23] .
The carbohydrate chain identical to that of typicoside B 1 is, conversely, characteristic of triterpene glycosides from sea cucumbers of the order Aspidochirotida, including the sugar moiety of the glycosides belonging to the holothurin A group from different species of Holothuria [18] [19] [20] [21] , and fuscocinerosides from H. fuscocinera [22] , along with mollisoside A from Australostichopus mollis [23] .
The sugar chain of typicosides C 1 (4) and C 2 (5) has only been found in glycosides from representatives of the order Dendrochirotida, predominately from the family Cucumariidae [1, 10, 24] , and only in one species from the family Psolidae, namely Psolus patagonicus [1] .
The holostane aglycones of typicosides 2-5 are new, but the side chains having either 22-OAc or 22-OH groups, along with a 24(25)-double bond, have been found in lanostane aglycones of glycosides from Cucumaria frondosa having an 18(20)-lactone [25] . Thus, the aglycones of typicosides are more closely related to those from many representatives of the order Dendrochirotida rather than Aspidochirotida, because the latter contain glycosides with more oxidized aglycones (having 12-and 17-hydroxyls and primarily a 9(11)-double bond).
On the one hand, it is well known that triterpene glycosides of the sea cucumbers are chemotaxonomic markers of different systematic groups of Holothurioidea, and data concerning distribution of different glycosides in different sea cucumbers has been used to solve some taxonomic ambiguity within two orders (Aspidochirotida and Dendrochirotida) [1] . On the other hand, the glycosides are natural products with a mosaic type of biosynthesis, and, therefore, their different biosynthetic stages might be shifted during the course of evolution, thus complicating the picture of their taxonomic distribution [26, 27] . Moreover, the evolution of sea cucumber triterpene glycosides has an independent and parallel character in different taxa. The composition of glycosides of Actinocucumis typica is an additional example of a mosaic distribution of such metabolites, when the features, characteristic of glycosides from different taxa are overlapped within one species of sea cucumber. This is a bright illustration of the parallel character of glycoside evolution in different taxa. Table 7 : Antifungal activity against Aspergillus niger, Fusarium oxysporum and Candida albicans for typicosides (1) (2) (3) (4) (5) .
Glycoside
Сoncentration, g/mL
Antifungal activity (zone of inhibition, mm)
Aspergillus niger Fusarium oxysporum

Candida albicans
Typicoside A 1 (1) 100 6.2  0. The antifungal activities of glycosides 1-5 against 3 species of fungi (Aspergillus niger, Fusarium oxysporum and Candida albicans) are given in Table 7 . Cytotoxic activities against mouse spleen lymphocytes and Ehrlich carcinoma cells (from ascite form of tumor), as well as hemolytic activities against mouse erythrocytes, are given in Table 8 .
Glycosides 1-3 and 5 inhibited the growth Aspergillus niger, Fusarium oxysporum and Candida albicans. The only glycoside that did not demonstrate an antifungal effect was typicoside C 1 (4) having a hydroxy-group in the aglycone side chain at C-22. Typicoside A 2 (2) showed the strongest effect against all the species of fungi studied. This glycoside was active at concentrations of 10 and 100 g/mL, while typicosides 1, 3 and 5 were active only at 100 g/mL. Two pairs of glycosides (1-2 and 4-5) have identical carbohydrate chains and differ from each other in aglycone structures, but this difference influenced the antifungal activity. Thus, the displacement of an O-acetyl group from C-16 in typicoside A 1 (1) to C-22 with the loss of the 22(23)-double bond in typicoside A 2 (2) led to a 1.5-2-fold increase in the activity. The substitution of an O-acetyl group at C-22 in typicoside C 2 (5) by a hydroxy group at the same position in typicoside C 1 (4) resulted in the disappearance of the antifungal activity of 4. Furthermore, glycosides 2, 3 and 5 have identical aglycones and differ from each other only in the carbohydrate moieties structures. The change of a xylose residue in the third position in the carbohydrate chain of typicoside A 2 (2) for the glucose residue in typicoside B 1 (3) and introduction of an additional sulfate group in typicoside C 2 (5) in comparison with typicoside B 1 (3) led to significant reduction in the antifungal effect. Thus, the antifungal activity of the glycosides depends on both the aglycone and carbohydrate chain structures. Typicosides A 1 (1), A 2 (2), B 1 (3) and C 2 (5) demonstrated strong hemolytic and cytotoxic effects in all the tests. The hemolytic activities of these glycosides were several times higher than their cytotoxicities. Typicoside C 1 (4) showed lesser hemolytic and cytotoxic activities due to the presence of a hydroxy-group in the aglycone, as was previously observed for glycosides from E. fraudatrix [28] . It is interesting to note that the presence of an additional sulfate group at C-6 of the glucose residue in glycoside 5 decreased its antifungal activity compared with glycoside 3, but increased its hemolytic activity and cytotoxicity against mouse spleen lymphocytes and Ehrlich carcinoma cells. Similar differential influences of such a sulfate group on kinetics of hemolysis (decrease in activity) and kinetics of K + -loss (increase in activity) was noted earlier [29] Experimental General experimental procedures: All melting points were determined with a Kofler-Thermogenerate apparatus. Specific rotation was measured on a Perkin-Elmer 343 Polarimeter. NMR spectra were recorded on an ADVANCE III-700 Bruker spectrometer at 700.13 MHz/176.04 MHz ( 1 H/ 13 C) in C 5 D 5 N at 35 o C with TMS as an internal reference ( = 0). The MALDI TOF MS (negative and positive ion mode) were recorded using a Bruker apparatus, model BIFLEX III, with impulse extraction of ions, on an -cyano-4-hydroxycinnamic acid matrix. HPLC was performed using an Agilent 1100 chromatograph equipped with a differential refractometer on a Discovery C-18 (10  250 mm, 5 m) column.
Animal material: Specimens of the sea cucumber Actinocucumis typica (family Cucumariidae; order Dendrochirotida) were collected near the Vizhinjam coast of the Arabian Sea (India) at a depth 2-8 m using SCUBA. A voucher specimen is deposited in the museum of the Centre for Marine Biodiversity (CMBE-6).
Extraction and isolation:
The sea cucumbers were minced and extracted exhaustively with refluxing MeOH. The extract was concentrated to dryness in vacuo. Tables 1 and 3 NMR: see Tables 3 and 5 
Determination of cytotoxic activities against mouse spleen lymphocytes and cells of ascite form of mouse Ehrlich carcinoma:
Mice were killed by pervisceral dislocation. Spleens were homogenized with saline suspension. The cells were thrice washed in saline suspension by centrifugation (1500 rpm/min, 5 min) and re-suspended in culture medium (saline suspension). The cell concentration was 2-5 millions/mL. The cells of ascite form of mouse Ehrlich carcinoma were isolated from the peritoneum of mice. These cells were resuspended and washed thrice in saline suspension by centrifugation (1500 rpm/min, 5 min) and resuspended again in culture medium (saline suspension). The cell concentration was 2-5 millions/mL. 10 L of test solution and 90 L of cell suspension was loaded on a 96-well plate and incubated for 1 h at 37 o C. The cell viability was determined using nuclear dye Trypan Blue (DiaM, Russia). The numbers of dead and survived cells were estimated after 1-5 min, using a microscope ImagerA1 (Carl Zeiss, Germany) and computer program AxioVision 4.6.3 (Carl Zeiss, Germany). Cytotoxic activities were estimated as % of dead (dyed) cells. ED 50 was calculated using computer program Statistica 6.0 [30] . In all experiments on EC 50 estimation the SEM values did not exceed 5% of mean values.
Determination of cytotoxic activities against mouse spleen lymphocytes using FDA method (determination of non-specific esterase activity):
A test substance solution (10 L) and 100 L of cell suspension was placed in each well of a 96-well plate and incubated in a thermostat at 37 o C for 1 h. A stock solution of a probe fluorescein diacetate (FDA, Sigma) in DMSO (1 mg/mL) was prepared. After incubation of the cells with test compounds, 10 L FDA solution (50 g/mL) was added to each well and the plate was incubated in a thermostat at 37 o C for 15 min. Fluorescence was measured with a plate reader (Fluoroskan Ascent) at λ ex = 485 nm and λ em = 518 nm. All experiments were repeated in triplicate. The means and standard errors for each treatment were calculated and EC 50 values were estimated from dose-response plots using SigmaPlot 3.02 software (Jandel Scientific, San Rafael, CA) [31] .
In all experiments on EC 50 estimation the SEM values did not exceed 5% of mean values.
Determination of hemolytic activities against mouse erythrocytes:
The mouse red blood cells were thrice washed with 0.9 % NaCl by centrifugation using a LABOFUGE 400R (450 g, 5 min, 4 o C) and re-suspended in phosphate buffered saline (PBS, pH 4.7) by concentration of erythrocytes to a suspension of 1.5 optical units at  700 m. Ten L of aqueous test solutions and 90 L of erythrocyte suspension were loaded into wells of a 96-well plate and incubated for 3 h at 37 o C. The absence or presence of hemolysis at different concentration of test substances was checked as residual absorbance at  700 m on a PowerWave XS platereader (Biotek, USA) and ED 50 values were determined using the computer program Statistica 6.0 [32] . In all experiments on EC 50 estimation the SEM values did not exceed 5% of mean values.
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Antifungal activities against Candida albicans, Aspergillus niger, and Fusarium oxysporum: Sabouraud agar medium [glucose (3%), peptone (1 %), agar (1.7%), distilled water, pH 6.0] was used for cultivation of microorganisms. The medium was autoclaved, cooled to 42C and 25 mL portions dispensed into individual sterile Petri dishes (90 mm). The suspensions of microorganisms (V = 200 L) were transferred to the agar medium by pallet and chafed dry. The aqueous solutions (100 L) of the glycosides at 20 g/mL and 200 g/mL concentrations were transferred into the lunules (10 mm) in the agar medium. The microorganisms were incubated for 24 h at 28C; experiments were conducted in triplicate. The antifungal activities were measured as the breadth of the inhibition zone, calculated in mm from the edge of the lunule.
